Fifteen million strokes occur worldwide each year with 5 million associated deaths and an additional 5 million people left permanently disabled. In the United States, about 780 000 people suffer a new or recurrent stroke each year. There were an estimated total 5.8 million stroke survivors as of 2008. Mortality from stroke is the third leading cause of death in America following heart disease and cancer. Chest infection may affect up to as many as one-third of stroke patients. This increases the morbidity and mortality of this patient population. Pneumonia causes the highest attributable mortality of all medical complications following stroke. A comprehensive multidisciplinary team approach is required at the hospital level. This requires active administrative commitment and participation. Implementation of evidence-based management strategies can improve outcomes and reduce costs. We sought to review the problem of post-stroke pneumonia and discuss strategies for prevention and intervention.
Introduction
Fifteen million strokes occur worldwide each year with two-thirds involving permanent disability or death. 1 The United States contributes about three-quarter of a million new or recurrent strokes each year. This is associated with an annual cost of $65.5 billion. 1 Stroke is the third leading cause of death in America following heart disease and cancer. 2 Up to one-third of stroke patients suffer from pneumonia. 3 This increases the morbidity and mortality of this patient population. Pneumonia causes the highest attributable mortality of all medical complications following stroke. 4 Respiratory failure from stroke leads to intubation in up to 6% of patients suffering an ischemic stroke and 30% of patients with a hemorrhagic stroke. 5 The application of ventilator support carries its own independent risk of pneumonia. Pneumonia accounts for an estimated one-third of nosocomial infections in critical care units according to the national nosocomial infection surveillance system. The mortality rate from ventilator-associated pneumonia (VAP, defined as pneumonia developed while on the ventilator) is estimated to be 20% to 30%. 6 The total costs per occurrence is $50 000. 7, 8 These high-risk, high-cost, high-volume events present a major challenge to our society, public health systems, and providers. The purpose of this article is to review the problem of post-stroke pneumonia and discuss evidence-based management strategies for prevention and intervention.
Who Gets Pneumonia After Stroke and Why
There are many different causes of pneumonia. These causes can be grouped into broad categories: communityacquired pneumonia, hospital-acquired pneumonia, health careÀassociated pneumonia, ventilator-associated pneumonia, aspiration pneumonia, pneumonia caused by opportunistic organisms, and other. Most available data suggests post-stroke pneumonia is often due to aspiration. Ill hospitalized patients routinely aspirate and patients with an impaired swallowing mechanism due to neurological injury are at especially high risk. 9 While the presence of an endotracheal tube may provide some protection against large volume aspiration, the endotracheal tube also interferes with normal defense mechanisms and does not prevent smaller aspiration of pharyngeal or gastric contents. 10, 11 Normal swallowing involves multiple complex and coordinated interactions. These interactions involve both the central and peripheral nervous system. Normal swallowing involves 4 phases: (1) oral, (2) oral propulsive, (3) pharyngeal, and (4) esophageal. Mastication and preparation make up the oral phase. The oral propulsive phase begins as the soft palate lifts to close the nasopharynx and propel the bolus posteriorly. During the pharyngeal phase, there is upward movement of the hyoid and larynx, closure of the vocal cords, closure of the epiglottis over the airway, and pharyngeal contraction to propel the bolus. The esophageal phase involves propulsion of the bolus along the esophagus to the stomach. The term penetration refers to the leakage of material into the larynx to the level of the true vocal folds ( Figure 1 ). This is a strong indicator of aspiration risk. True aspiration indicates tracheal contamination. 12 Stellars et al in a prospective study identified several independent risk factors for developing post-stroke pneumonia in the hospital. 3 Ten parameters were assessed in 412 patients as predictors of pneumonia following stroke. Standardized criteria were used to establish the presence of in-hospital chest infection. 13 The findings of this study confirm the multifactorial nature of post-stroke pneumonia. It also identified many predictors of which stroke patients would develop pneumonia.
Five of the ten tested parameters were useful predictors: age >65 years, dysarthria or no speech due to aphasia, modified Rankin Scale !4, abbreviated mental test score <8, and a failed bedside progressive water swallow test. Two or more of these factors correctly predicted pneumonia with 90.9% sensitivity and 75.6% specificity. Interestingly, oral health was not an independent predictor in this study. Other studies have indicated an association of COPD, smoking, 14 level of dependence, 15 oral health status, and presence of bacterial pathogens in the mouth 16 with the development of pneumonia in patients post stroke.
As many as one-half of patients with stroke have a dysfunctional swallow and about one-third aspirate on video swallow. 12, 17, 18 Among patients that aspirate, one-third develop pneumonia. Half the patients that aspirate do it silently. 18 The location of the stroke does not appear to assist in aspiration risk assessment. McCullough et al noted in a series of 160 patients that bilateral subcortical stroke patients seemed to have an increased occurrence of aspiration over other types of unilateral and bilateral stroke patients. Smith-Hammond and Goldstein have recently reported that objective measurements of voluntary cough can be used to help identify at-risk stroke patients. 17 They examined 96 consecutive patients with stroke with video fluoroscopic swallow evaluation (VSE) or fiber-optic endoscopic evaluation of swallow (FEES), which are generally considered to be the gold standard for assessment of aspiration. Thirty-three of the patients were found to be at risk for aspiration using a penetration-aspiration scale score (PASS) !5. Objective cough measures were also evaluated in these 96 patients. Three of these objective measures of voluntary cough-expulsive phase rise time (EPRT) >55 m/s, volume acceleration (VA) <50 L/s/s, and expulsive phase peak flow (EPPF) <2.9 L/s-had higher sensitivities (82%, 88%, 91%, respectively) to predict the risk of aspiration than clinical signs such as absent swallow, difficulty handling secretions, or reflexive cough after water bolus. Expulsive phase peak flow and VA measure the rapidity of rise to high flow and high volume cough and both were shown to be independently associated with aspiration as measured by VSE or FEES. Reflexive cough after ice chips or water showed a sensitivity of 39% and specificity of 82%. This indicates that a simple water swallow may miss a significant number of aspirating patients. The authors also noted that 75% of patients that aspirate had cognitive deficits and nearly 90% had speech or language difficulties. Further tightening the cutoffs of cough measures to an EPRT of >67 m/s or a VA of <33 mL/s/s successfully predicted aspirators >90% of the time and >90% of those patients who did not need interventions to reduce their risk for aspiration. 17 Measures of EPRT and VA appear to be promising tools for predicting aspiration risk. These may be superior to simple swallow tests or other clinical parameters.
The 2006 American College of Chest Physicians' (ACCP) evidence-based clinical practice guidelines for diagnosis and management of cough contained a section on cough and aspiration of food and liquids due to oral-pharyngeal dysphagia. 12 There were 15 recommendations overall. Most of these were moderate recommendations (grade B) with a low level of evidence but a substantial net benefit. The guideline panel recommended patients with cough and high risk of aspiration on history and screening should be referred to a speech-language pathologist (SLP) for oral-pharyngeal swallow evaluation. Those patients that are at high risk for aspiration by diagnosis are patients with Alzheimer's disease, cerebrovascular disease, and those that are intubated or ventilated for >48 hours. Patients at high risk have the following clinical signs: malnutrition, dysphonia, weak cough, reflexive cough, drooling, require oral pharyngeal suctioning, or a history of coughing or choking with eating or drinking. They should also have a careful assessment of nutritional needs. Oral feedings should be held in patients with reduced level of consciousness, and a water swallow test performed in alert patients. Video fluoroscopic swallow evaluation or FEES should be used to evaluate swallowing to identify patients with dysphagia so that appropriate treatment can be initiated ( Figure 2 ). Treatment should include the use of an organized multidisciplinary team that includes a physician, a dietician, a speech therapist, a nurse, and physical and occupational therapists. This allows appropriate compensatory maneuvers, dietary modifications, and surgical interventions to be considered. There is data to suggest a comprehensive multidisciplinary program to assess dysphagia in patients with stroke can reduce the risk of pneumonia. 19 Although the Joint Commission removed the requirement that a swallow screen for dysphagia be performed on all ischemic and hemorrhagic stroke patients before being given food, water, or medication by mouth from their performance measures in January 2010, this remains a part of other stroke quality programs. 20
Pneumonia After Stroke: Characteristics
Pneumonia in stroke is often from aspiration and therefore will usually affect the dependent portions of the lungs. The superior segments of the lower lobes are actually also posterior, such that aspirated material or secretions would drain there first in the supine patient. This often occurs on the right side more than the left as the right main stem bronchus is more directly aligned with the trachea. However, patients are routinely rotated and repositioned such that any location is possible. Stroke-related pneumonia is likely a health careÀassociated or hospital-associated event, as patients are older, often ill or disabled, and part of the health care system. Most hospitalized patients are colonized with hospital flora within 48 hours. 21 Health careÀassociated pneumonias (HCAP), hospitalassociated (HAP), and ventilator-associated pneumonia (VAP) are related, yet somewhat distinct 22 (Table 1 ). Hospitalassociated pneumonia is a pneumonia occurring in the hospital greater than 48 hours after admission that was not previously incubating. 23 Ventilator-associated pneumonia is the term applied to pneumonia occurring more than 48 to 72 hours after intubation. Health careÀassociated pneumonias is pneumonia in a patient who has been closely associated with the health care system and exposed to its flora (eg, hemodialysis, wound care within last 30 days, recent IV antibiotics, chemotherapy, nursing home, or prior hospitalization for !2 days in the last 3 months). 24 Hospital-associated pneumonia and VAP are categorized as early or late onset. This distinction is important because late onset HAP or VAP (occurring !5 days into hospitalization) more often is associated with multidrug resistant pathogens (MDR) than early ( 4 days) HCAP. These important distinctions guide empiric treatment early in the patient's course (prior to culture results). However, if a patient develops early HAP but came in with prior health careÀassociated risk factors, they should be considered and treated as later onset HAP due to their prior environmental exposures. 24 Less virulent bacteria and anaerobes that normally inhabit the upper airway and stomach can cause aspiration pneumonia. While pneumococcus or other aerobic bacteria may be present, community-acquired aspiration often involves anaerobes that are more indolent, or may have mixed flora. Anaerobes are difficult to culture and often treatment in this setting is empiric. 25 If there is a suspicion for mixed flora with aerobic organisms, or if the patient has health careÀassociated aspiration/pneumonia, broader coverage would be required.
Pneumonia After Stroke: Microbiology
Acute post-stroke pneumonia often involves recently hospitalized patients and the microbiology resembles that of HAP, HCAP, or VAP. This often includes aerobic gram-negative bacteria such as Pseudomonas aeruginosa, Klebsiella pneumoniae, Enterobacter, Escherichia coli, and Acinetobacter. Methicillin-resistant Staphylococcus aureus (MRSA) is becoming more common but other Staphylococcus species are still prevalent. 22, 26 Early onset HAP is less likely to have MDR bacteria such as Pseudomonas, Acinetobacter, or MRSA and more likely to have less resistant organisms such as Enterobacter, Haemophilus influenzae, MSSA, or Streptococcus species. 27 The specific pathogen is often identified in only 25% of patients, even on bronchoalveolar lavage (BAL) or tracheal culture. 26 Candida species usually represent colonization or tracheal involvement rather than pneumonia, as immunocompetent hosts are rarely afflicted with viral or fungal pneumonia. It is essential to monitor local hospital and community pathogens, especially MDR pathogens; this information can be incorporated into decisions about initial empiric therapy. Timely local surveillance data is critical. 22 Risk Table 2 ). The diagnosis of HAP in any patient is difficult, let alone in neurologically impaired patients with stroke having poor cough and atelectasis. Therapy is often empiric. Lower respiratory tract cultures may be difficult to obtain in nonintubated patients. Blood or pleural cultures are definitive guides if positive, although the sensitivity of blood cultures may be less than 25%. 28 Colonization of the respiratory tract may precede the development of pneumonia and it has been shown that ventilator-associated tracheobronchitis (VAT) may be an important risk factor for subsequent VAP. Preemptive treatment with targeted therapy in this setting may help prevent VAP. 29 Lower respiratory samples should be obtained on all patients, especially patients that are ventilated. These include endotracheal aspirates, bronchoalveolar lavage, or a protected brush specimen. If lower respiratory tract cultures are sterile and there have been no new antibiotics within 24 hours, bacterial pneumonia is extremely rare, although Legionella or viral disease would still be a consideration. 22, 30 
Pneumonia After Stroke: Treatment
Most patients with stroke and pneumonia will likely have been hospitalized or be considered health careÀassociated in one way or another. Initial antibiotic selection is often empiric as culture material is not often available. Therefore, the choice of treatment should be determined by the patient's risk of MDR bacteria. The ATS guideline consensus committee 2005 recommendations divide HAP, VAP, or HCAP into early onset (<5 days) and late onset (!5 days). 22 Early onset disease in patients without other MDR organisms or HCAP risks may be candidates for limited spectrum antibiotic therapy, depending on local pathogens in the community. 22, 27 Early onset disease with no prior risks of MDR bacteria (ie, Streptococcus pneumoniae, Haemophilus influenzae, MSSA, and antibiotic-sensitive gram negatives) are likely to be covered by ceftriaxone or levofloxacin, moxifloxacin, ciprofloxacin, or ampicillin/sulbactam or ertapenem. Antibiotic recommendations for patients who have clearly aspirated secondary to stroke might reasonably include at least one drug with anaerobic coverage.
The antibiotic recommendations for MDR pathogens reflect the resistance, virulence, and hazards of the usual organisms. Combination therapy is indicated with the antibiotics recommended in the ATS IDSA guidelines ( Table 3) . There needs to be coverage with two drugs for Pseudomonas and other resistant gram negatives (+Legionella) and an additional agent for MRSA (vancomycin, linezolid). Because antibiotic pressure on the hospital flora can be considerable, it is important to deescalate therapy and narrow the spectrum if possible. 31 Evaluation of length of treatment has been studied and 8 vs. 15 days of antibiotic therapy for VAP has been shown to be equivalent. 32 Delay in treatment of VAP and HAP may increase mortality 33, 34 and timely antibiotics improves outcomes. 35 When there is uncertainty about whether to treat, the CPIS (Clinical Pulmonary Infection Score) scoring system is a useful tool, employing clinical parameters to grade severity and probability of pneumonia. 36 Linezolid has been shown to be superior to vancomycin in a retrospective analysis of 1019 patients derived from two prior double-blind trials showing equivalency. 37 While it may be preferred based on the combined analysis, there were criticisms of the methods. 38 Linezolid may be preferred if there is renal insufficiency or concerns about adequate levels of vancomycin, especially in communities where the MIC to vancomycin is >2. Linezolid is reported to have higher lung penetration 37 and is likely to be more efficacious if vancomycin levels are suboptimal or the local MIC is higher.
Pneumonia After Stroke: Prevention
We have previously discussed the benefits of early recognition of high-risk patients with a variety of screening methods and the development of a multidisciplinary team focusing on this issue. Interventions to reduce pneumonia risk can then be undertaken by the dysphagia team in patients breathing on their own. Since 6% of ischemic and 30% of hemorrhagic patients with stroke are intubated, 5 a portion of post-stroke pneumonia risk represents VAP risk.
VAP prevention is part of the 100 k lives campaign (Institute for Health Care Improvement -IHI.org). Guidelines from the Canadian Critical Care Society (2004) and the ATS IDSA (2005) describe the foundations for most of current best evidence-based practice for VAP prevention. 22, 39 The intervention proposed by IHI was the use of ventilator ''bundles'' to improve ventilator-care processes. The overall goals are to reduce VAP and VAP-associated morbidity and mortality. 40 The recent emphasis on bundles is driven by the need to improve process reliability, 40 and their successful implementation requires teamwork and a culture of safety.
The IHI ''ventilator bundle'' includes four elements. The Joint Commission measures compliance on five ventilatorbundle elements ( Table 4 ). The remainder of this section will discuss the evidence behind the various methods such as hand washing, shortening ventilator days, patient positioning, and other interventions used to reduce VAP.
Nosocomial infections of all types are reduced by hand washing and have been part of the CDC guidelines for the prevention of nosocomial pneumonia at least since 1985. 41 The importance of hand washing cannot be overestimated (''wash in, wash out'').
The optimal method of reducing VAP is to avoid and shorten ventilator care wherever possible. Noninvasive positive pressure ventilation (NPPV) can be useful in patients with cardiac or pulmonary disease, but perhaps less so in central neurologic disease. Noninvasive positive pressure ventilation studies usually exclude patients with reduced consciousness out of concern for airway protection and aspiration. 42 Some authors consider a GCS <10 to be a contraindication. 43 Much work has been done around reducing ventilator length of stay, primarily focusing on scheduled sedation interruption and use of prescribed daily weaning trials unless otherwise specifically contraindicated. 40, [44] [45] [46] The correct balance between adequate yet not excessive analgesia and sedation is difficult in neurologically intact patients-more so with the neurologically impaired. Shorter acting agents such as midazolam or propofol for sedation and fentanyl for analgesia are likely to more readily allow frequent assessment of neurologic status. 47 Dexmedetomidine, a centrally acting alpha 2 antagonist does not affect respiratory drive but produces anxiolysis and sedation. 47 Riker et al have recently published a prospective randomized trial of 375 patients comparing midazolam and dexmedetomidine, finding comparable efficacy, but reduced ventilator days and delirium. Dexmedetomidine has not been studied in neurologic units and is currently FDA approved only for <24 hour use. 48 The use of sedation in neurologically impaired ventilator patients poses unique challenges. Rapid and predictable offset of sedation for intermittent neurological assessment is clinically advantageous generally, but particularly in neurologically impaired individuals. Traditional sedation programs have used hypnotic-based regimens primarily (propofol or midazolam), with addition of an analgesic agent (fentanyl or morphine) secondarily. Karabinis et al report success with an analgesic-based program using remifentanil as the principle sedative. Remifentanil, a very short-acting analgesic agent with organ-independent metabolism was titrated to effect prior to the addition of propofol or midazolam. The study group showed significantly more predictable and rapid awakening in patients with acute brain injury or after neurosurgery than controls. 49 This approach has been shown to be useful in the general critical care population as well. 50 Girard et al prospectively studies a paired sedation and ventilator weaning protocol (''Wake up and Breathe''). 48 In this study, the intervention group had 3.1 more days breathing without assistance than the control group. The strategy links sedation interruption to the weaning process in a structured fashion.
Many other potentially modifiable risk factors for VAP have been identified and studied. Supine ventilator patients are at greater risk than semi-recumbent patients for VAP 51 and therefore a semi-recumbent goal of 45 has been recommended. 39 In ventilated patients with acute ischemic stroke, some compromise of the head up position may be appropriate in the interests of promoting optimal cerebral perfusion. 52, 53 It may also be advisable to withhold tube feedings until a semirecumbent position is deemed clinically acceptable neurologically, while balancing the risks of aspiration and reflux against the advantages of enteral feeding.
Other interventions to reduce VAP as discussed in the ATS IDSA guidelines include the preferred use of oral intubations to reduce sinusitis and VAP, continuous subglottic suctioning, maintaining adequate staffing levels in ICU, and modulation of oropharyngeal colonization with a scheduled chlorhexidine mouth care program. 22 
Pneumonia After Stroke: Quality Initiatives/Pay for Performance
Pay for performance has come to critical care. Critical care services comprise up to 20% of all hospital costs and >1% of the US GDP. [54] [55] [56] Incentives have become more prevalent in an effort to improve outcomes and reduce costs. Many of these incentives will affect patients with stroke both in and out of the ICU, including patients with pneumonia. Medicare will no longer pay an enhanced DRG for some conditions acquired during the inpatient stay, including catheter-associated urinary tract infection, pressure ulcers, falls from bed and vascular catheterÀassociated infections. 57 Many neurological patients are at risk for these conditions.
Blue Cross Blue Shield of Michigan has initiated a program wherein documented adherence to each of five elements of the ventilator bundle described previously (Table 4 ) is a prequalifying requirement to all other hospital pay for performance initiatives. Additionally, the Michigan Hospital Association established the Keystone ICU project, a collaborative regional partnership of nearly 120 ICUs at 76 hospitals focusing on improvements in culture of safety and risk reduction. 58 Specific programs to reduce catheter-related bloodstream infection (CRBSI) and VAP have been implemented statewide with substantial success. 59 
Summary
Stroke affects a significant number of patients every year. There is substantial morbidity and mortality in patients who develop pneumonia after a stroke. Identifying patients at highest risk for developing pneumonia after a stroke should help with treatment and prevention. Highest-associated risks included age >65, dysarthria or no speech due to aphasia, decreased cognition, and dysfunctional swallow. Identifying these patients takes a comprehensive multidisciplinary team. Many of the most effective prevention strategies are those used for prevention of nosocomial pneumonias in general such as hand washing and the use of ventilator bundles. The choice of sedative in ventilated patients may reduce ventilator days and thus the incidence of VAP. The majority of pneumonias associated with stroke are HCAP, HAP, or VAP since some part of the patient's initial diagnosis, treatment, rehabilitation, or permanent residence will involve the health care system. The microbiology of these pneumonias ranges in spectrum from less virulent organisms with less resistance to the more virulent MDR pathogens that plague many hospitals and ICUs these days. Early aggressive broad empiric treatment of non-MDR and MDR pathogens is needed to decrease mortality in poststroke pneumonia. Quick de-escalation of therapy when cultures are negative and final is equally important in this strategy. Future research should focus on developing better ways of identifying stroke patients at high risk for aspiration and pneumonia and on strategies to prevent this complication.
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